Silk nanoparticles - an emerging anticancer nanomedicine by Seib, F. Philipp
Seib, Philipp (2017) Silk nanoparticles – an emerging anticancer 
nanomedicine. AIMS Bioengineering, 42 (2). pp. 239-258. , 
http://dx.doi.org/10.3934/bioeng.2017.2.239
This version is available at http://strathprints.strath.ac.uk/60296/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (http://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any correspondence concerning this service should be sent to the Strathprints administrator: 
strathprints@strath.ac.uk
The Strathprints institutional repository (http://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 
outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 
management and persistent access to Strathclyde's intellectual output.
$,06%LRHQJLQHHULQJ
'2,ELRHQJ
5HFHLYHG-DQXDU\
$FFHSWHG0DUFK
3XEOLVKHG0DUFK
KWWSZZZDLPVSUHVVFRPMRXUQDO%LRHQJLQHHULQJ

Review 
6LONQDQRSDUWLFOHV²DQHPHUJLQJDQWLFDQFHUQDQRPHGLFLQH
)3KLOLSS6HLE
 6WUDWKFO\GH ,QVWLWXWH RI 3KDUPDF\ DQG %LRPHGLFDO 6FLHQFHV 8QLYHUVLW\ RI 6WUDWKFO\GH
*ODVJRZ*5(8.
 /HLEQL],QVWLWXWHRI3RO\PHU5HVHDUFK'UHVGHQ0D[%HUJPDQQ&HQWHURI%LRPDWHULDOV'UHVGHQ
+RKH6WUDVVH'UHVGHQ*HUPDQ\
&RUUHVSRQGHQFH(PDLOSKLOLSSVHLE#VWUDWKDFXNSKLOLSSVHLE#6HLE/DEFRP7HO
)D[
$EVWUDFW 6LON LV D VXVWDLQDEOH DQG HFRORJLFDOO\ IULHQGO\ ELRSRO\PHU ZLWK D UREXVW FOLQLFDO WUDFN
UHFRUGLQKXPDQVIRUORDGEHDULQJDSSOLFDWLRQVLQSDUWGXHWRLWVH[FHOOHQWPHFKDQLFDOSURSHUWLHVDQG
ELRFRPSDWLELOLW\ 2XU DELOLW\ WR WDNH ERWWRPXS DQG WRSGRZQ DSSURDFKHV IRU WKH JHQHUDWLRQ RI
VLONLQVSLUHGELRSRO\PHUVKDVEHHQFULWLFDOLQVXSSRUWLQJWKHHYROXWLRQRIVLONPDWHULDOVDQGIRUPDWV
LQFOXGLQJ VLON QDQRSDUWLFOHV IRU GUXJ GHOLYHU\ 6LON QDQRSDUWLFOHV DUH HPHUJLQJ DV LQWHUHVWLQJ
FRQWHQGHUV IRU GUXJ GHOLYHU\ DQG DUH ZHOO SODFHG WR DGYDQFH WKH QDQRPHGLFLQH ILHOG 7KLV UHYLHZ
FRYHUV WKHXVHRIBombyx mori DQG UHFRPELQDQWVLONVDVDQDQWLFDQFHUQDQRPHGLFLQHKLJKOLJKWLQJ
WKHHPHUJLQJ WUHQGVDQGGHYHORSPHQWV DVZHOO DV FULWLFDOO\DVVHVVLQJ WKHFXUUHQWRSSRUWXQLWLHV DQG
FKDOOHQJHVE\SURYLGLQJDFRQWH[WVSHFLILFDVVHVVPHQWRIWKLVPXOWLGLVFLSOLQDU\ILHOG
.H\ZRUGVVLONILEURLQQDQRPHGLFLQHQDQRSDUWLFOHGUXJGHOLYHU\Bombyx moriWDUJHWLQJ(35
HQGRF\WRVLV

 ,QWURGXFWLRQ
6LON LV D VXVWDLQDEOH DQG HFRORJLFDOO\ IULHQGO\ ELRSRO\PHU WKDW FDQ EH PDQXIDFWXUHG IURP
UHQHZDEOHUHVRXUFHV>@)RUH[DPSOHVLONZRUPGHULYHGVLONVFRQWULEXWHWRDQRYHUDOOUHGXFWLRQLQ
DWPRVSKHULF&2GXHWRWKHQHHGWRFXOWLYDWHPXOEHUU\WUHHVIRUWKHOHDYHVUHTXLUHGWRUHDUWKHZRUPV
7\SLFDOO\HDFKVLONZRUPQHHGVJRIIUHVKOHDYHVWRPHHWLWVIROGLQFUHDVHLQERG\ZHLJKW

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DIWHUZKLFKLWVSHQGVKRXUVVSLQQLQJWKHXSWRPORQJDQGPPWKLFNVLQJOHVLONWKUHDGWKDW
IRUPVLWVFRFRRQ2YHUILYHPLOOHQQLDKXPDQVKDYHSHUIHFWHGVHULFXOWXUHLHVLONIDUPLQJVRWKDW
WKH JOREDO VLON SURGXFWLRQ LV QRZ  WRQQHV SHU DQQXP 6LON KDV EHHQ XVHG LQ WH[WLOHV IRU
WKRXVDQGVRI\HDUV>@DQGDVDVXWXUHPDWHULDOIRUPDQ\FHQWXULHV>@+XPDQVKDYHORQJDSSUHFLDWHG
WKHPHFKDQLFDOVWUHQJWKWRXJKQHVVDQGHODVWLFLW\RIVLONILEUHVWKHVHSURSHUWLHVDULVHIURPWKHXQLTXH
KLHUDUFKLFDOVWUXFWXUHRIWKHILEUH>@
6LQFH WKH V ZH KDYH VHHQ D WUHPHQGRXV GHYHORSPHQW RI ERWK ERWWRPXS DQG WRSGRZQ
DSSURDFKHVIRUWKHJHQHUDWLRQRIVLONLQVSLUHGELRSRO\PHUV>@6SHFLILFFULWLFDOGHYHORSPHQWVKDYH
LQFOXGHG UHYHUVH HQJLQHHULQJ RI VLON FRFRRQV DQG WKH DGYHQW RI UHFRPELQDQW WHFKQRORJLHV ZKLFK
KDYH VXSSRUWHG WKH H[SORLWDWLRQ RI VLON PDWHULDOV IRU XVH LQ D EURDG UDQJH RI DSSOLFDWLRQV ZKLOH
UHDIILUPLQJ WKH XQLTXHQHVV RI in vivoGHULYHG VLON ILEUHV >@ )RU H[DPSOH WKH UHPDUNDEOH
SURSHUWLHV RI VLON KDYH VXSSRUWHG KLJKHQG DSSOLFDWLRQV VXFK DV LWV XVH LQ SDUDFKXWH FRUGV >@
EXOOHWSURRI YHVWV >@ FRPSRVLWH PDWHULDOV IRU WKH DYLDWLRQ LQGXVWU\ >@ DUWLILFLDO VLON ILEUH
VSLQQLQJ >@ DOOZDWHUEDVHG PLFURIDEULFDWLRQ SURFHGXUHV >@ DQG VLONEDVHG SKRWRQLFV >@
HOHFWURQLFVDQGVHQVRUV>@DVZHOODVHGLEOHIRRGSDFNDJLQJ>@DQGin vitroWLVVXHDQGGLVHDVH
PRGHOV>@5HJXODWRU\DXWKRULWLHVDFURVVWKHJOREHKDYHDSSURYHGBombyx moriVLONILEUHVIRUORDG
EHDULQJDSSOLFDWLRQVLQKXPDQV7KLVXVDJHKDVVHUYHGDVDVSULQJERDUGIRUWKHH[SORUDWLRQRIVLONIRU
DUDQJHRIPHGLFDODSSOLFDWLRQVVXFKDVWLVVXHHQJLQHHULQJ>@DQGGUXJDQGFHOOGHOLYHU\>@
2YHUDOOVLONLVUHPDUNDEOHEHFDXVHLWFDQEHLVWURQJHUWKDQVWHHODQGWRXJKHUWKDQ.HYODULL
SURFHVVHG LQDOO DQDTXHRXVHQYLURQPHQW LLL UHDGLO\ IRUPXODWHG LQWRPDQ\GLIIHUHQW IRUPDWV HJ
ILEUHV ILOPV VFDIIROGV K\GURJHOV PLFURSDUWLFOHV QDQRSDUWLFOHV HWF )LJXUH  >@ DQG LY
JHQHUDOO\ UHJDUGHG DV ELRFRPSDWLEOH DQG ELRGHJUDGDEOH >@ )XUWKHUPRUH VLON FDQ SURWHFW
WKHUDSHXWLF SD\ORDGV VXFK DV ORZ PROHFXODU ZHLJKW GUXJV HJ DQWLELRWLFV PDFURPROHFXOHV HJ
DQWLERGLHVHQ]\PHV>@DQGFHOOV>@7KHVHXQLTXHIHDWXUHVKDYHVXSSRUWHGDVWDJJHULQJDUUD\RI
DSSOLFDWLRQVWKDWH[SORLWWKLVELRSRO\PHU
2YHUWKHSDVW\HDUVZHKDYHZLWQHVVHGDQLQFUHDVLQJQXPEHURIVWXGLHVWKDWKDYHH[DPLQHG
WKH SRWHQWLDO RI VLON DV D GUXJ GHOLYHU\ LQWHUPHGLDU\ RIWHQ LQ WKH FRQWH[W RI FDQFHU )RU H[DPSOH
HQFRXUDJLQJUHVXOWVKDYHEHHQREWDLQHGZLWKin vivoIRFDOWKHUDS\RIKXPDQRUWKRWRSLFEUHDVWFDQFHU
DQGQHXUREODVWRPDXVLQJF\WRWR[LFFKHPRWKHUDS\DQGSUHFLVLRQPHGLFLQHVXVLQJVLONILOPV>@
DQGVHOIDVVHPEOLQJVLONK\GURJHOV>@7KHH[SHULPHQWDOILQGLQJVQRZZDUUDQWWKHGHYHORSPHQW
RIVHFRQGJHQHUDWLRQPDWHULDOV&OLQLFDOH[SHULHQFHGHPRQVWUDWHVWKDWIRFDOWKHUDS\RIVROLGWXPRXUV
LV FULWLFDO LQ LPSURYLQJ SDWLHQW RXWFRPHV LQ WKH ORQJ WHUP WKHUHIRUH D VWURQJ GHPDQG H[LVWV IRU
ORFDOO\DSSOLHGGUXJGHOLYHU\V\VWHPVWKDWFDQVXSSRUWWKHUDS\UHYLHZHGLQ>@
+RZHYHU SDWLHQW VXUYLYDO LV SRRU RQFH GLVVHPLQDWHG GLVHDVH LV GLDJQRVHG >@ EHFDXVH
PHWDVWDVLV LV UHVSRQVLEOH IRU  RI WKH PRUWDOLW\ RI SDWLHQWV ZLWK VROLG WXPRXUV >@ 7KHUHIRUH
WDUJHWLQJ D WKHUDSHXWLF SD\ORDG WR D PHWDVWDWLF VROLG WXPRXU LV DQ DSSHDOLQJ VWUDWHJ\ D FRQFHSW
FRQFHLYHG DQG FKDPSLRQHG E\ 3DXO (KUOLFK PRUH WKDQ  \HDUV DJR >@ 1DQRSDUWLFOHV KDYH
HPHUJHGDVDSRWHQWLDOSODWIRUPIRUGUXJWDUJHWLQJ+HUHZHUHYLHZVLONQDQRSDUWLFOHVLQWKHFRQWH[W
RI DQWLFDQFHU GUXJ GHOLYHU\ DQG DVVHVV VRPH RI WKH FXUUHQW RSSRUWXQLWLHV DQG FKDOOHQJHV 0DQ\
H[FHOOHQW UHYLHZVFRYHULQJVLON IRUGUXJGHOLYHU\ LQJHQHUDO >@ DVZHOODV WKHPDQXIDFWXUHRI
VLONQDQRSDUWLFOHVLQSDUWLFXODU>@DOUHDG\H[LVW

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
)LJXUH  'LDJUDP RI VLON VRXUFHV DQG YDULRXV GUXJ GHOLYHU\ V\VWHPV 1XPEHUV LQ
SDUHQWKHVHVUHIHUWRWKHDSSUR[LPDWHVL]HVRIWKHVHPDWHULDOVGLDPHWHUVRUWKLFNQHVVHVLQ
WKH FDVH RI SDUWLFOHV DQG ILOPVFRDWLQJV UHVSHFWLYHO\ 5HSURGXFHG ZLWK SHUPLVVLRQ
IURP>@
)RUWKLVUHYLHZZHUHIHUWRVLONLQJHQHULFWHUPVGHILQLQJVLONVDVSURWHLQEDVHGILEUHIRUPLQJ
PDWHULDOV VSXQ E\ OLYLQJ RUJDQLVPV >@ 6SLGHUV DQG VLONZRUPV DUH WKH PRVW SURPLQHQW RUJDQLVPV
DVVRFLDWHGZLWKVLONSURGXFWLRQ>@:KHUHDSSURSULDWHZHGLVWLQJXLVKEHWZHHQVLONZRUPVLONVSXQ
LQWR FRFRRQV E\ Bombyx mori YHUVXV VSLGHU VLONV DQG EHWZHHQ VLON PDWHULDOV WKDW DUH UHYHUVH
HQJLQHHUHG QDWLYH SURWHLQV DQG WKRVH JHQHUDWHG LQ KHWHURORJRXV KRVWV YLD JHQHWLF HQJLQHHULQJ DQ
DSSURDFK W\SLFDOO\XVHG WRJHQHUDWHPDWHULDOV LQVSLUHGE\VSLGHUVLONV >@ ,PSRUWDQWO\VHULFXOWXUH
DOORZVWKHPDQXIDFWXUHRI ODUJHDPRXQWVRIKLJKTXDOLW\VLON%\FRQWUDVW VSLGHUVSURGXFH LQIHULRU
VLONZKHQWKHRUJDQLVPVDUHKHOGLQFDSWLYLW\DQGWKH\GLVSOD\FDQQLEDOLVWLFDQGWHUULWRULDOEHKDYLRXUV
ZKLFKSUHFOXGHVSLGHUVLONIDUPLQJ>@)RU WKLVUHDVRQVLONFRFRRQVIURPBombyx moriDUHPRVW
ZLGHO\XVHGZKHQH[SORULQJWKHVLONGHVLJQVIRUGUXJGHOLYHU\
 7KH6WUXFWXUHRI7KH6LON%LRSRO\PHU
7KHVWUXFWXUHRIB. moriVLONLVGHWDLOHGWRSURYLGHDEDVLVIRUWKLVUHYLHZ)LJXUH7KHUHDGHU
LV SRLQWHG WR H[FHOOHQW UHFHQW UHYLHZV IRU IXUWKHU GHWDLOV RQ WKH VWUXFWXUH >@ DQG PHFKDQLFDO
SURSHUWLHV>@RIVSLGHUVLON

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
)LJXUH  2YHUYLHZ RI WKH GLIIHUHQW VFDOHV DQG KLHUDUFKLFDO VWUXFWXUH RI VLONZRUP DQG
VSLGHU GUDJOLQH VLON ILEUHV $ %RWK VSLGHU DQG VLONZRUP VLONV DUH VLPLODU DQG DUH
FRPSRVHG RI QXPHURXV LQWHUORFNLQJ QDQRILEULOV 7KHEVKHHW FU\VWDOV VWDELOLVH WKH VLON
ILEULODQGSURYLGHVVWUHQJWKZKLOHDQGWKHDPRUSKRXVVHJPHQWVZLWKLQWKHVHQDQRILEULOV
HQGRZ VLON ZLWK HODVWLFLW\ 7KH \HOORZ ER[ LQGLFDWHV WKH XQLW FHOO RI D VLQJOH EVKHHW
FU\VWDO $WRPLF IRUFH PLFURVFRS\ LPDJH RI WKH QDQRILEULOODU VWUXFWXUH LQ B. mori
VLON VFDOH EDU  QP %  GLPHQVLRQDO VFKHPDWLF RI B. mori VLON & 3ULPDU\
VWUXFWXUHRIWKHVLONKHDY\FKDLQ5WR5DQG$WR$UHSUHVHQWWKHDUUDQJHPHQW
RI  UHSHWLWLYH DQG  DPRUSKRXV UHJLRQV UHVSHFWLYHO\ 7KH DSSUR[LPDWH DPLQR DFLG
VHTXHQFH RI 5 LV VKRZQ E\ FRPELQDWLRQ RI VHTXHQFHV RI L LL DQG LLL 3DQHO $
UHSURGXFHGZLWK SHUPLVVLRQ IURP >@ SDQHO% IURP >@ DQG SDQHO& >@ &RS\ULJKW
$PHULFDQ&KHPLFDO6RFLHW\
7KH B. mori VLON FRQVLVW RI D KHDY\ FKDLQ DSSUR[LPDWHO\  N'D DQG D OLJKW
FKDLQ DSSUR[LPDWHO\  N'D ZKLFK DUH KHOG WRJHWKHU E\ D VLQJOH GLVXOSKLGH
ERQG>@)LJXUHE7KHVLONOLJKWFKDLQKDVFRPSOHWHO\QRQUHSHDWLQJDPLQRDFLGVHTXHQFHV
LQGLFDWLQJ WKDW WKLV VXEXQLW DGRSWV D JOREXODU FRQILUPDWLRQ )LJXUH E 7KH VLON KHDY\ FKDLQ LV

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UHVSRQVLEOHIRUWKHUHPDUNDEOHSK\VLFDOSURSHUWLHVRIVLONWKLVFKDLQFRQVLVWVSUHGRPLQDQWO\RIILYH
DPLQRDFLGVJO\FLQH*DODQLQH$VHULQH6W\URVLQH<DQGYDOLQH9
DQGRQO\RIWKHRWKHUSURWHLQDPLQRDFLGV>@7KHSURSHUWLHVRIVLONDULVHIURPWKHXQLTXH
DPSKLSKLOLF SURWHLQ VWUXFWXUH RI LWV KHDY\ FKDLQ ZKLFK LQFOXGHV  K\GURSKRELF GRPDLQV WKDW
DFFRXQWIRURIWKHFKDLQ7KHVHGRPDLQVDUHLQWHUVSDFHGE\K\GURSKLOLFUHJLRQVWKDWFRQWDLQ
QHJDWLYHO\ FKDUJHG SRODU EXON\ K\GURSKRELF DQGRU DURPDWLF UHVLGXHV WKDW VKDUH D FRPPRQ
FRQVHQVXV VHTXHQFH )LJXUH F >@ 7KH KHDY\ FKDLQ LV FDSSHG ZLWK K\GURSKLOLF & DQG 1
WHUPLQDO VHTXHQFHV WKHVH VHTXHQFHVFRQVLVWRI FRPSOHWHO\QRQUHSHDWLQJDPLQRDFLG UHVLGXHV7KH
K\GURSKRELF EORFNV RI WKH KHDY\ FKDLQ FRQWDLQ KLJKO\ UHSHWLWLYH JO\FLQH; UHSHDWV ZKHUH ; LV
DODQLQH$VHULQH6RU W\URVLQH<>@DQGWKHVHEORFNVDFFRXQWIRURI WKH
VLON KHDY\ FKDLQ VHTXHQFH >@ 7KH K\GURSKRELF EORFNV FDQ EH FODVVLILHG LQWR WKUHH PRWLIV L D
KLJKO\ UHSHWLWLYH *$*$*6 VHTXHQFH PDNLQJ XS WKH EXON RI WKH FU\VWDOOLQH UHJLRQV DQG W\SLFDOO\
IRXQG DW WKH VWDUW RI HDFK EORFN LL D OHVV UHSHWLWLYH VHTXHQFH FRQWDLQLQJ K\GURSKRELF DQGRU
DURPDWLFUHVLGXHV*$*$*<*$*$*9DQG*$*$*9*<PDNLQJXSWKHVHPLFU\VWDOOLQHUHJLRQV
DQG LLL VHTXHQFHV YHU\ VLPLODU WR L H[FHSW IRU WKH SUHVHQFH RI DQ $$6 PRWLI ZKLFK LV XVXDOO\
IRXQG DW WKH &WHUPLQDO HQG RI HDFK VXEGRPDLQ DQG PD\ IRUP D ³VKHHWEUHDNLQJ´
PRWLI>@)LJXUHF
7KLVSULPDU\VWUXFWXUHFDQDGRSWUDQGRPFRLOVEVKHHWVDKHOLFHVDQGWXUQV7KHK\GURSKRELF
GRPDLQVFDQIRUPFU\VWDOOLQHDQWLSDUDOOHOEVKHHWVMRLQHGE\K\GURJHQERQGV>@WKHVHJLYHVLONLWV
UHPDUNDEOH PHFKDQLFDO VWUHQJWK ZKLOH WKH DEXQGDQFH RI WKHVH VHFRQGDU\ VWUXFWXUHV GHWHUPLQHV LWV
VWDELOLW\DQGPHFKDQLFDOSURSHUWLHV)RUH[DPSOHVWUXFWXUDODQDO\VLVRIQDWLYHVLONILEUHVUHYHDOVWKH
SUHVHQFHRIVPDOOEVKHHWVFU\VWDOOLQHXQLWVDSSUR[LPDWHGLPHQVLRQVuuQPHPEHGGHGLQDQ
DPRUSKRXV PDWUL[ )LJXUH D :KHQ WKH ILEUH LV VWUHWFKHG D JUDGXDO DOLJQPHQW RFFXUV DORQJ WKH
ILEUHD[LVIROORZHGE\HQWDQJOHPHQWDQGXOWLPDWHEUHDNDJHRIFRYDOHQWERQGV>@

)LJXUH6ROXWLRQFRQIRUPDWLRQRIB. moriVLON$+\GURSKRELFLW\SDWWHUQRIWKHKHDY\
FKDLQZLWK%SRVVLEOHFKDLQIROGLQJDQG&PLFHOOHDVVHPEO\RIVLONLQZDWHU0LFHOOH
IRUPDWLRQ LV EDVHG RQ WKH EORFN FRSRO\PHU FRQILJXUDWLRQ RI VLON ZLWK LQWHUQDO VPDOOHU
K\GURSKLOLFGRPDLQVWRSURPRWHVROXELOLW\LQZDWHUDQGODUJHUFKDLQWHUPLQDOK\GURSKLOLF
EORFNV LQ FRQWDFW ZLWK WKH FRQWLQXRXV ZDWHU SKDVH 5HSURGXFHG ZLWK SHUPLVVLRQ
IURP>@

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,QQDWXUH WZRGLVWLQFWVWUXFWXUHVRIB. moriVLONDUHUHFRJQL]HG6LON,UHSUHVHQWV WKHVWUXFWXUH
GXULQJVWRUDJHDQGEHIRUHVSLQQLQJLHWKHOLTXLGVLONGRSHVWRUHGLQWKHVLONJODQGZKHUHDV6LON,,
UHSUHVHQWV WKH VWUXFWXUH RFFXUULQJ DIWHU VSLQQLQJ LQWR WKH VLON ILEUH >@ 7KH EORFN FRSRO\PHU
DUUDQJHPHQWRIVLONGULYHVWKHIRUPDWLRQRIVSKHULFDOPLFHOODUVWUXFWXUHV±QPLQVL]HZKLFK
FRQWDLQDK\GURSKRELFFRUHRIFU\VWDOOLQHDPRUSKRXVGRPDLQVDQGDK\GURSKLOLFVKHOORIWKHWHUPLQDO
GRPDLQV>@)LJXUH7KHVHPLFHOOHVUHPDLQORRVHO\DVVHPEOHGDQGWKHDVVHPEO\SURFHVVLV
UHYHUVLEOH>@+RZHYHUDQXPEHURIH[WHUQDOWULJJHUVVXFKDVVWUHWFKLQJVKHDULQJRUFKDQJHVLQ
VROXWLRQ FRQFHQWUDWLRQ S+ RU LRQLF VWUHQJWK FDXVH LUUHYHUVLEOH SK\VLFDO FURVVOLQNLQJ DW WKH
LQWHUPLFHOODU DQG LQWHUJOREXODU OHYHOV >@7KH UHVXOWLQJ VLONKDV DQ LQFUHDVHGȕVKHHW FRQWHQW DQG
IRUPV QHWZRUNV WKURXJK D VHOIDVVHPEO\ SURFHVV WKHUHE\ HOLPLQDWLQJ WKH QHHG WR XVH DQ\ KDUVK
FKHPLFDOVRUFURVVOLQNHUV
7KHVHOIDVVHPEO\RIVLONLQWRPLFHOODUVWUXFWXUHVDQGWKHUHVSRQVLYHQHVVRIWKHVHVWUXFWXUHVWR
H[WHUQDO VWLPXOL LV H[SORLWHG ZKHQ JHQHUDWLQJ VLON QDQRSDUWLFOHV )RU H[DPSOH DQ DTXHRXV VLON
VROXWLRQFDQEHDGGHGWRDPLVFLEOHRUJDQLFVROYHQWVXFKDVDFHWRQHRUDVDOWVROXWLRQFDQEHDGGHG
WRDVLONVROXWLRQVDOWLQJRXWWRFDXVHQDQRSUHFLSLWDWLRQGHWDLOHGEHORZ%RWKWKHVHSURFHGXUHVJLYH
ULVHWRQDQRSDUWLFOHVWKDWDUHFKDUDFWHULVHGE\KLJKFU\VWDOOLQLW\LQWKHLUGHQVHO\SDFNHGFRUHV
 0DQXIDFWXUHRI6LON1DQRSDUWLFOHV
$ EURDG VSHFWUXP RI PDQXIDFWXULQJ VWUDWHJLHV KDV EHHQ XVHG WR JHQHUDWH B. mori VLON
QDQRSDUWLFOHVUHYLHZHGLQ>@LQFOXGLQJSRO\YLQ\ODOFRKROEOHQGVSDUWLFOHVL]HUDQJHQP
WRȝP>@HPXOVLILFDWLRQQP>@FDSLOODU\PLFURGRWSULQWLQJWRQP>@VDOWLQJ
RXWWRQP>@RUJDQLFVROYHQWSUHFLSLWDWLRQWRQP>±@VXSHUFULWLFDOIOXLG
WHFKQRORJLHV  WRQP>@ LRQLF OLTXLGVQP>@HOHFWURVSUD\LQJWRQP>@
ILEUDWLRQDOVSOLWWLQJRIDODPLQDUMHWSDUWLFOHVL]HUDQJHXSWRȝP>@HOHFWULFILHOGVQPWR
ȝP>@DQGPLOOLQJWHFKQRORJLHVQP>@$IXUWKHUSURSRVLWLRQKDVEHHQWKHXVHRISD\ORDG
PHGLDWHGQDQRSDUWLFOHIRUPDWLRQYLDWKHLQGXFWLRQRIȕVKHHWULFKEDUUHOVKDSHGQDQRSDUWLFOHV>@
EXWWKLVUHTXLUHVIRUPDOH[SHULPHQWDOYHULILFDWLRQ7KHIRUPDWLRQRIVWDEOHVLONQDQRSDUWLFOHVW\SLFDOO\
UHTXLUHV D FKDQJH LQ WKH VLON FRQIRUPDWLRQ IURP D UDQGRP FRLO WR SK\VLFDOO\ FURVVOLQNHG ȕVKHHWV
WKURXJK LQFUHDVHG SURWHLQSURWHLQ SDFNLQJ E\ WKH UHPRYDO RI VROYDWLQJ ZDWHU VLON QDQRSDUWLFOH
IRUPDWLRQXVLQJRUJDQLFVROYHQWVDQGVDOWLQJRXWDUHEDVHGRQWKLVSULQFLSOH+RZHYHULQWKHDEVHQFH
RI WKHVH WLJKWO\ SDFNHG ȕVKHHWV RQO\ PHWDVWDEOH QDQRSDUWLFOHV DUH JHQHUDWHG DQG WKHVH UHTXLUH
IXUWKHUSURFHVVLQJWRJHQHUDWHVWDEOHSDUWLFOHV>@0HWDVWDEOHQDQRSDUWLFOHVFDQEHSURGXFHGE\
DSSO\LQJ HOHFWULF ILHOGV >@ RU E\ D PRGLILHG VLON ILEUH GLVVROXWLRQ SURFHVV WKDW HQDEOHV in situ
SDUWLFOHIRUPDWLRQ>@
 6WUXFWXUH)XQFWLRQ5HODWLRQVKLSVRI6LON1DQRSDUWLFOHV
7KH VHFRQGDU\ VWUXFWXUH RI VLON QDQRSDUWLFOHV LV H[SHFWHG WR LPSDUW PDUNHG GLIIHUHQFHV LQ
QDQRSDUWLFOHSHUIRUPDQFHDVVHHQIRUH[DPSOHLQFRPSDULVRQVRIDPRUSKRXVVLONQDQRSDUWLFOHVDQG
WKRVHSUHSDUHGXVLQJDFHWRQHGHVROYDWLRQ>@%RWKQDQRSDUWLFOHSRSXODWLRQVVKRZDVLPLODUVL]HDQG
DELOLW\WRDGVRUEDQGUHOHDVHGR[RUXELFLQLQUHVSRQVHWRHQYLURQPHQWDOS++RZHYHUWKHDPRUSKRXV

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VLONQDQRSDUWLFOHVVKRZHGDVLJQLILFDQWO\VPDOOHU]HWDSRWHQWLDOZKHQFRPSDUHGWRDFHWRQHGHVROYDWHG
VLONQDQRSDUWLFOHV$PRUSKRXVVLONQDQRSDUWLFOHVZHUHVWDEOHLQZDWHUIRUGD\VEXWZHUHUHVSRQVLYHWR
LRQVDQGWKH\FKDQJHGLQWRVLONILEULOVZLWKLQKRXUVZKHQWUDQVIHUUHGWR3%6S+>@%\FRQWUDVW
WKHSK\VLFDOO\FURVVOLQNHGVLONQDQRSDUWLFOHVUHPDLQHGVWDEOHXQGHUWKLVFRQGLWLRQ>@7KHVH
PRUSKRORJLFDO FKDQJHVREVHUYHG LQ WKH DPRUSKRXV VLONQDQRSDUWLFOHV DUH H[SHFWHGDQG LQWHUHVWLQJ
EXWWKH\EHFRPHSUREOHPDWLFIRUWKHGHYHORSPHQWRIVLONQDQRSDUWLFOHVIRUGUXJGHOLYHU\DSSOLFDWLRQV
DQG SDUWLFXODUO\ IRU LQWUDYHQRXV DGPLQLVWUDWLRQ EHFDXVH WKHVH SDUWLFOHV DUH XQVWDEOH XQGHU
SK\VLRORJLFDOO\UHOHYDQWFRQGLWLRQV
 6XUIDFH0RGLILFDWLRQRI6LON1DQRSDUWLFOHV
3K\VLFDOO\ FURVVOLQNHG VLON QDQRSDUWLFOHV FDQ EH VXUIDFH PRGLILHG ZLWK DQ DFWLYH WDUJHWLQJ
UHVLGXH DQGRU VXUIDFH JUDIWHG SRO\PHUV WR LPSURYH SDUWLFOH SHUIRUPDQFH HJ FROORLGDO VWDELOLW\
DELOLW\WRHYDGHWKHLPPXQHV\VWHPLQFUHDVHGFLUFXODWLRQWLPHLQWKHEORRGHWF)RUH[DPSOHVLON
QDQRSDUWLFOHVZHUHDFWLYDWHGXVLQJVWDQGDUGHWK\OGLPHWK\ODPLQRSURS\OFDUERGLLPLGH('&
DQG NK\GUR[\VXFFLQLPLGH 1+6 FRXSOLQJ FKHPLVWU\ WR JHQHUDWH HWK\OHQHGLR[\
ELVHWK\ODPLQH PRGLILHG VLON QDQRSDUWLFOHV >@ 7KHVH IXQFWLRQDOLVHG VLON QDQRSDUWLFOHV ZHUH
VXEVHTXHQWO\UHDFWHGZLWKIROLFDFLGWR\LHOGIRODWHUHFHSWRUWDUJHWHGVLONQDQRSDUWLFOHVWKDWVKRZHG
LPSURYHGin vitroFHOOXSWDNH7DUJHWLQJUHVLGXHVDUHRIWHQWHWKHUHGYLDSRO\PHULFOLQNHUVWRLPSURYH
UHFHSWRUELQGLQJDIILQLW\DQGIRU IXUWKHUHQKDQFHPHQWRIHQGRF\WLFXSWDNH WKHUHIRUH WKHHIIHFWVRI
VRSKLVWLFDWHG FRQMXJDWLRQ VWUDWHJLHV RQ VLON QDQRSDUWLFOH WDUJHWLQJ FDSDELOLWLHV UHPDLQ WR EH
HVWDEOLVKHGERWKin vitroDQGin vivo,QSDUWLFXODUWKHGHVLJQRIQDQRSDUWLFOHVIRUin vivoDSSOLFDWLRQV
W\SLFDOO\UHTXLUHV³VWHDOWK´WHFKQRORJLHVWRDYRLGQRQVSHFLILFXSWDNHE\WKHPRQRQXFOHDUSKDJRF\WLF
V\VWHP 036 >@ 6XUIDFH GHFRUDWLRQ ZLWK SRO\HWK\OHQH JO\FRO 3(* LV D IUHTXHQW FKRLFH IRU
PRGLILFDWLRQ RI PDFURPROHFXODU GUXJ FDUULHUV VXFK DV QDQRSDUWLFOHV >@ :H UHFHQWO\ UHSRUWHG
WKDW WKH 3(*\ODWLRQ RI VLON QDQRSDUWLFOHV GUDPDWLFDOO\ LPSURYHG WKHLU VWDELOLW\ LQ SK\VLRORJLFDO
UHOHYDQW FRQGLWLRQV E\ HOLPLQDWLQJ SDUWLFOH DJJUHJDWLRQ )LJXUH  DQG SUHYHQWLQJ F\WRNLQH UHOHDVH
IURPPDFURSKDJHV,QWHUHVWLQJO\3(*\ODWHGVLONQDQRSDUWLFOHVDFFHOHUDWHGWKHS+GHSHQGHQWUHOHDVH
RIGR[RUXELFLQ>@
$Q DOWHUQDWLYH WR FRYDOHQW PRGLILFDWLRQ RI VLON QDQRSDUWLFOHV LV VXUIDFH PRGLILFDWLRQ XVLQJ
FKDUJHFKDUJH LQWHUDFWLRQV 6LON QDQRSDUWLFOHV DUH QHJDWLYHO\ FKDUJHG DQG DUH WKHUHIRUH W\SLFDOO\
FRPSOH[HG ZLWK SRVLWLYHO\ FKDUJHG SRO\PHUV VXFK DV JO\FRO FKLWRVDQ NNNWULPHWK\O FKLWRVDQ
SRO\HWK\OHQLPLQHDQG3(*\ODWHGSRO\HWK\OHQLPLQH>@6LONQDQRSDUWLFOHVPRGLILHGZLWK3(*\ODWHG
SRO\HWK\OHQLPLQH VKRZHG D SDUWLFXODUO\ LPSURYHG VWDELOLW\ LQ GLOXWHG 3%6 DQG FHOO FXOWXUH
PHGLXP>@


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
)LJXUH  $VVHVVPHQW RI VXUIDFH PRGLILFDWLRQ RQ VLON QDQRSDUWLFOH 613
SHUIRUPDQFH $,PSDFWRIVWRUDJHWHPSHUDWXUHDQGWLPHRQQDWLYHDQG3(*\ODWHGVLON
QDQRSDUWLFOH VL]H DQG ]HWD SRWHQWLDO % 6(0 LPDJHV RI QDWLYH DQG 3(*\ODWHG VLON
QDQRSDUWLFOHVVWRUHGDW&IRUZHHNVVFDOHEDUȝP&3DUWLFOHVL]HRI613VDQG
3(*613VH[SRVHGWR0SKRVSKDWHEXIIHUDWíPLQSRVWH[SRVXUHDQGWKHLU '
TXDOLWDWLYH DVVHVVPHQW DW   DQG  K VFDOH EDU  FP 6DPSOHV DUH SUHVHQWHG LQ
PLFURFXYHWWHVDQGUHSUHVHQWDWLYHLPDJHVDUHVKRZQ$WKWKHQDWLYHVLONQDQRSDUWLFOH
VXVSHQVLRQVKRZHGSKDVHVHSDUDWLRQZLWKQDQRSDUWLFOHDJJUHJDWLRQDWWKHWRSDQGERWWRP
RI WKH FXYHWWH 5HSURGXFHG ZLWK SHUPLVVLRQ IURP >@ &RS\ULJKW  $PHULFDQ
&KHPLFDO6RFLHW\
 0DJQHWLFDOO\7DUJHWHGDQG(QJLQHHUHG6SLGHU6LONV
,QDGGLWLRQ WRVXUIDFHPRGLILFDWLRQRIVLONQDQRSDUWLFOHV WDUJHWHGVLONQDQRSDUWLFOHVKDYHEHHQ
PDQXIDFWXUHG XVLQJ D RQHVWHS PDQXIDFWXULQJ SURWRFRO >@ %ULHIO\ GR[RUXELFLQ ZDV VXUIDFH
DGVRUEHG WR PDJQHWLF )H2 QDQRSDUWLFOHV DQG WKHVH QDQRSDUWLFOHV ZHUH VXVSHQGHG LQ SRWDVVLXP
SKRVSKDWHEXIIHU0S+$QDTXHRXVVLONVROXWLRQZDVWKHQDGGHGWRWKHV\VWHPDQGWKHVLON
VDOWHG RXW DV GUXJORDGHG PDJQHWLF QDQRSDUWLFOHV  QP LQ VL]H 7KHVH VLON QDQRSDUWLFOHV ZRXOG
UHVSRQGWRDPDJQHWLFILHOGDQGVKRZHGVLJQLILFDQWO\LPSURYHGWXPRXUDFFXPXODWLRQDQGVXEVHTXHQW
DQWLFDQFHUHIIHFWLYHQHVVZKHQFRPSDUHG WRXQWDUJHWHGVLONQDQRSDUWLFOHV ORDGHGZLWKDQHTXLYDOHQW
DPRXQWRIGR[RUXELFLQ>@
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6SLGHU VLON PLPHWLFV KDYH DOVR EHHQ JHQHUDWHG XVLQJ RI JHQHWLF HQJLQHHULQJ WRROV UHYLHZHG
LQ>@+HUHEHVSRNHUHFRPELQDQWPRGHOSURWHLQVDUHJHQHUDWHGWRPLPLFNH\IHDWXUHVRIVSLGHU
VLON HJ WKH PDMRU DPSXOODWH VLON XVHG DV WKH RXWHU IUDPH DQG UDGLL RI WKH ZHE DV ZHOO DV WKH
VSLGHU¶V ³OLIHOLQH´ WKLV VLON KDV UHPDUNDEO\ KLJK WHQVLOH VWUHQJWK DQG DQ XQSUHFHGHQWHG WRXJKQHVV
ZKHQ FRPSDUHG WR RWKHU ILEUHV >@ ,Q DGGLWLRQ WKH UHFRPELQDQW SURWHLQV FDQ EH GHVLJQHG WR
LQFRUSRUDWHIXQFWLRQDOJURXSVIRULPSURYHGGHOLYHU\DQGFHOOXODUUHFRJQLWLRQ)RUH[DPSOH7KRPDV
6FKHLEHO DQG FRZRUNHUV KDYH SLRQHHUHG WKH IRUPDWLRQ RI PLPHWLF VSLGHU VLON QDQRSDUWLFOHV XVLQJ
VDOWLQJRXWWHFKQLTXHV>@7\SLFDOO\WKHLUZRUNLVLQVSLUHGE\Araneus diadematusILEURLQ$')
 VLON VSXQ E\ WKH FRPPRQ (XURSHDQ JDUGHQ VSLGHU EXW WKHLU UHFRPELQDQW VSLGHU VLON SURWHLQ
H$') &  N'D FRQVLVWV RI  UHSHWLWLRQV RI WKH &PRGXOH *66$$$$$$$$
6*3**<*3(14*36*3**<*3**3* PLPLFNLQJ WKH KLJKO\ UHSHWLWLYH FRUH VHTXHQFH RI
$') >@7KHVHEDVLF EXLOGLQJEORFNV FDQ WKHQEH UHDGLO\PRGLILHG WR LQFRUSRUDWH FHOO ELQGLQJ
PRWLIV HJ 5*' FHOO SHQHWUDWLQJ SHSWLGH VHTXHQFHV 7DW DQG SRO\FDWLRQV E\ UHSODFLQJ DOO WKH
JOXWDPLF DFLG UHVLGXHVRI WKH$')ZLWK O\VLQHV >@7KHLU H$') &QDQRSDUWLFOH OLEUDULHV
KDYHEHHQH[WHQVLYHO\DVVHVVHGIRUWKHLUDELOLW\WRHQWUDSDQGUHOHDVHPRGHODQGWKHUDSHXWLFSD\ORDGV
WRXQFRYHUSK\VLFRFKHPLFDOUHODWLRQVKLSV>@DQGWREHWDNHQXSE\FHOOV>@
,QDGGLWLRQWR$')HQJLQHHUHGVLONVWKHPDMRUDPSXOODWHVSLGURLQ0D6SIURPWKH*ROG
2UE ZHDYHU VSLGHU Nephila FODYLSHV) KDV EHHQ XVHG WR JHQHUDWH WDUJHWHG VLON QDQRSDUWLFOHV )RU
H[DPSOHDPHUEDVHGRQWKH0D6SFRQVHQVXVVHTXHQFHZDVFRPELQHGZLWKD+HU1HXWXPRXU
WDUJHWLQJUHVLGXHDQGZDVWKHQVXFFHVVIXOO\VDOWHGRXWLQWRQPVL]HGVSKHULFDOQDQRSDUWLFOHVDQG
ORDGHGZLWKGR[RUXELFLQ7KHVHSDUWLFOHVVKRZHGVXSHULRUFHOOXSWDNHDQGin vitro F\WRWR[LFLW\ZKHQ
FRPSDUHGWRQRQWDUJHWHGQDQRSDUWLFOHV>@+RZHYHUWKHSHUIRUPDQFHRIWKHVHSDUWLFOHVLQWXPRXU
EHDULQJDQLPDOPRGHOVUHPDLQVWREHHVWDEOLVKHG
 0HFKDQLFDO3URSHUWLHVRI6SLGHU6LON3DUWLFOHV
$WRPLF IRUFHPLFURVFRS\VWXGLHVRIVLQJOHH$') &SDUWLFOHVKDYH UHYHDOHG WKDW WKHGU\
SDUWLFOHV VKRZHG SODVWLF GHIRUPDWLRQ DQG DQ LQFUHDVHG HODVWLF PRGXOXV ZLWK RQJRLQJ
GHIRUPDWLRQV>@7KHK\GUDWHGSDUWLFOHVGRXEOHGWKHLUYROXPHDQGVRIWHQHGVLJQLILFDQWO\UHVXOWLQJ
LQDQHODVWLFPRGXOXVWKUHHRUGHUVRIPDJQLWXGHORZHUWKDQLQWKHLUGULHGVWDWH03D03D
YHUVXV*3D*3D7KHK\GUDWHGVLONSDUWLFOHVDOVRVKRZHGQRPHFKDQLFDOIDWLJXHXQOLNHWKH
GULHG SDUWLFOHV 7KH XVH RI GLIIHUHQW FURVVOLQNLQJ WHFKQLTXHV DV ZHOO DV FKDQJHV LQ VLON SULPDU\
VHTXHQFH DOORZ ILQHWXQLQJ RI WKH PHFKDQLFDO SURSHUWLHV RI H$') & SDUWLFOHV >@ 7KH
PHFKDQLFDOFKDUDFWHULVWLFVRIWKHH$')&SDUWLFOHVDUHLPSRUWDQWGXULQJSURFHVVLQJKDQGOLQJ
DQGVWRUDJH+RZHYHUQDQRSDUWLFOHPHFKDQLFVFDQDOVRLQIOXHQFHELRORJLFDOIXQFWLRQVVXFKDVEORRG
FLUFXODWLRQ WLPH DQG HQGRF\WLF XSWDNH >@ DQG WKHVH HIIHFWV UHPDLQ WR EH HOXFLGDWHG IRU
H$')&QDQRSDUWLFOHV
 (QJLQHHUHG6SLGHU6LON1DQRSDUWLFOHVIRU*HQH'HOLYHU\
.HLML 1XPDWD 'DYLG / .DSODQ DQG FRZRUNHUV GHYHORSHG UHFRPELQDQW VLONV IRU JHQH
GHOLYHU\UHYLHZHGLQ>@XVLQJWKHFRQVHQVXVVHTXHQFHIURPWKHGUDJOLQHSURWHLQRI0D6S>@

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+HUHDPHURIWKHVHTXHQFH6*5**/**4*$*$$$$$**$*4**<**/*64*7ZDVIROORZHG
E\YDULDEOHOHQJWKVRIO\VLQHUHVLGXHVUHVSRQVLEOHIRU'1$FRPSOH[DWLRQ$VLONOLEUDU\ZLWK
DQGO\VLQHUHVLGXHVZDVJHQHUDWHGWKHGLPHUO\VLQHVIRUPHGQPSRO\SOH[HVDQGJDYHWKH
EHVWWUDQVIHFWLRQHIILFLHQF\(YROXWLRQRIWKHVHVSLGHUVLONLQVSLUHGYHFWRUVLQFOXGLQJWKHDGGLWLRQRI
HLWKHU 5*' ELQGLQJ VLWHV >@ RU WKH FHOO SHQHWUDWLQJ SHSWLGH S7* >@ IXUWKHU LPSURYHG
WUDQVIHFWLRQ HIILFLHQF\7KH GHYHORSPHQW RI EORFN FRSRO\PHUV ZLWK D+LVWDJ IROORZHG E\ WKH VLON
PHUDUHVLGXHORQJO\VLQHVHTXHQFHDQGWKHPRQRPHULF)SHSWLGHIRUWXPRXUWDUJHWLQJJDYH
ULVH WR D UHFRPELQDQW VLON WKDW VKRZHG VXSHULRU in vitro WUDQVIHFWLRQ HIILFLHQF\ ZKHQ FRPSDUHG WR
/LSRIHFWDPLQH7KLVUHFRPELQDQWVLONDOVRJDYHHQFRXUDJLQJEXWSUHOLPLQDU\UHVXOWVLQDQRUWKRWRSLF
KXPDQEUHDVWFDQFHUPRGHO>@
 %LRFRPSDWLELOLW\DQG%LRGHJUDGDWLRQ
7KHELRFRPSDWLELOLW\DQGELRGHJUDGDWLRQRIVLONKDVEHHQUHYLHZHGHOVHZKHUH>@2YHUDOO
VLONLVW\SLFDOO\ZHOOWROHUDWHGDQGVLONVXWXUHVDQGVXUJLFDOPHVKHVDUHDSSURYHGIRUXVHLQKXPDQV
7KHH[FHOOHQWFOLQLFDOWUDFNUHFRUGRIVLONIRUORDGEHDULQJDSSOLFDWLRQVJLYHVLONDZLGHUHFRJQLWLRQDV
D³ELRFRPSDWLEOH´ELRSRO\PHUIRUYLUWXDOO\DOOELRPHGLFDODSSOLFDWLRQV1RQHWKHOHVVWKHJHQHULFXVH
RI WKH WHUP³ELRFRPSDWLELOLW\´ WRGHVFULEH DOO VLONV LQFOXGLQJ VLONLQVSLUHGPDWHULDOV LV SRWHQWLDOO\
PLVOHDGLQJ ,Q SDUWLFXODU WKH QRWLRQ WKDW DQ\ QDWXUDO PDWHULDO DXWRPDWLFDOO\ TXDOLILHV DV
ELRFRPSDWLEOH LVZLGHVSUHDGEXW UHPDLQV WREH VXSSRUWHGE\ VFLHQWLILFDOO\ ULJRURXVGDWD&RQWH[W
VSHFLILF ELRFRPSDWLELOLW\ DVVHVVPHQW LV VWLOO UHTXLUHG ZKHQ VLON LV XVHG EH\RQG LWV OLFHQVHG
DSSOLFDWLRQV)RUH[DPSOHZHKDYHUHFHQWO\DVVHVVHGWKHKDHPDWRFRPSDWLELOLW\RIPDFURVFRSLFVLON
ILOPV >@ EHFDXVH VLON KDV EHHQ SURSRVHG IRU YDULRXV YDVFXODU WLVVXH HQJLQHHULQJ DSSOLFDWLRQV
GHVSLWH WKHFXUUHQW ODFNRIULJRURXVEORRGFRPSDWLELOLW\DVVHVVPHQWV7KHVHEORRGVWXGLHVLQGLFDWHG
PLQLPDOFRDJXODWLRQEXWVXEVWDQWLDOFRPSOHPHQWDFWLYDWLRQ
7KH GLUHFW WUDQVIHU RI WKH UHVXOWV REWDLQHG IURP PDFURVFRSLF VXUIDFHV WR QDQRSDUWLFOHV LV QRW
DSSURSULDWHEHFDXVHRIVSHFLILFDQGQRQW\SLFDOLQWHUDFWLRQVRIQDQRSDUWLFOHVZLWKEORRG)XUWKHUPRUH
WKH KDHPDWRFRPSDWLELOLW\ UHTXLUHPHQWV IRU QDQRSDUWLFOHV DSSHDU HYHQ PRUH VWULQJHQW LQ WKH EORRG
FLUFXODWLRQWKDQIRUVROLGVXUIDFHVEHFDXVHDQ\LQFRPSDWLELOLW\UHDFWLRQRIV\VWHPLFDOO\DGPLQLVWHUHG
QDQRSDUWLFOHV ZRXOG DIIHFW PXOWLSOH RUJDQV %ORRG FRPSDWLELOLW\ RI VLON QDQRSDUWLFOHV LV LPSRUWDQW
EHFDXVHWKHLULQWUDYHQRXVGRVLQJLVWKHH[SHFWHGURXWHRIDGPLQLVWUDWLRQZKHQWUHDWLQJVROLGWXPRXUV
+RZHYHU EORRG FRPSDWLELOLW\ RI QDWLYH DQG PRGLILHG VLON QDQRSDUWLFOHV DV ZHOO DV UHIHUHQFH
QDQRSDUWLFOHVLVFXUUHQWO\DFULWLFDOJDSLQWKHOLWHUDWXUH
 7KH&KDOOHQJHVZLWK6LON
$OWKRXJK VLON KDV QXPHURXV DGYDQWDJHVRYHU RWKHU ELRSRO\PHUVZRUNLQJZLWK WKLVPDWHULDO
SRVHVDQXPEHURIFKDOOHQJHV2QHGLVDGYDQWDJHLVWKDWVLONVKDYHUHODWLYHO\VLPSOHIXQFWLRQDOJURXSV
WKDWRIIHUOLPLWHGRSWLRQVIRUFKHPLFDOPRGLILFDWLRQ>@,QDGGLWLRQWKHVLONIURPWKHGRPHVWLFDWHG
VLONZRUPBombyx moriODFNVFHOOLQVWUXFWLYHFXHVHJ5*'VHTXHQFHVIRUFHOODGKHVLRQSHSWLGH
VHTXHQFHV IRU WDUJHWLQJ DOWKRXJK WKLV FDQ DOVR EH UHJDUGHG DV DGYDQWDJHRXV DV LW SHUPLWV WKH IXOO
FRQWURORIWKHGHJUHHRIVLONIXQFWLRQDOLVDWLRQXVLQJFKHPLFDOPRGLILFDWLRQV
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
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8QOLNHB. moriVLONWKHVLONIURPWKHZLOGVLONZRUPAntheraea pernyiKDVDQDWXUDODEXQGDQFH
RI5*'VHTXHQFHVLQLWVEDFNERQH+RZHYHUWKH\LHOGVRIA. pernyiVLONFRFRRQVDUHORZPDNLQJ
WKLV LQVHFW XQVXLWDEOH IRU FRPPHUFLDO VHULFXOWXUH *HQHWLF PRGLILFDWLRQ RI B. mori LV WKHUHIRUH
HPHUJLQJ DV D YDOXDEOH VWUDWHJ\ IRU WKH GHYHORSPHQW RI GHVLJQHU VLONV HJ VLONV ZLWK 5*'
VHTXHQFHV >@ DV ZHOO DV IRU H[SORLWDWLRQ RI WKH H[TXLVLWH FDSDELOLWLHV RI JHQHWLFDOO\ PRGLILHG
VLONZRUPV WR ELRV\QWKHVLVH FKLPHULF VLONV >@ %RWK VLONZRUP DQG VSLGHU VLONV KDYH YHU\ ODUJH
PROHFXODU ZHLJKWV DQG KLJK JO\FLQH FRQWHQWV±IHDWXUHV ZKLFK SUHFOXGH WKH IDLWKIXO UHFRPELQDQW
H[SUHVVLRQRI WKHVH VLONV LQFRPPRQKHWHURORJRXVKRVWV >@+RZHYHU WKHXVHRIE. coli ZLWKDQ
HOHYDWHG JO\F\OW51$ SRRO LV RQH VXFFHVVIXO VWUDWHJ\ IRU WKH GHYHORSPHQW RI QDWLYHVL]HG
UHFRPELQDQWVSLGHUVLONV>@
6LONFRFRRQVDUHRIWHQXVHGDVDUDZPDWHULDOZKHQGHYHORSLQJQRYHOQDQRPHGLFLQHV+RZHYHU
VLON FRFRRQV SUHVHQW D QXPEHU RI PDQXIDFWXULQJ FKDOOHQJHV IRU H[DPSOH VHULFXOWXUH LV L DQ
DJULFXOWXUDOSURFHVVDQG WKXVGHSHQGHQWRQVHDVRQVFOLPDWH HJKLJKTXDOLW\PXOEHUU\ OHDYHVSHVW
FRQWUROHWFLLODERXULQWHQVLYHDQGLLLDEDWFKSURFHVV)XUWKHUPRUHVHULFLQUHPRYDOLVUHTXLUHG
LI WKH VLON FRFRRQ LV LQWHQGHG IRU ELRPHGLFDO DSSOLFDWLRQV LH WR PLQLPLVH WKH LQIODPPDWRU\
UHVSRQVH>@7KLVQHFHVVLWDWHVDGHJXPPLQJSURFHVVIRUUHPRYDORIVHULFLQWKDWW\SLFDOO\GDPDJHV
WKHVLONVWUXFWXUHLQFUHDVHVWKHSRO\GLVSHUVLW\RIWKHUHYHUVHHQJLQHHUHGVLONVROXWLRQ>@DQGWKHUHE\
FRPSOLFDWHVTXDOLW\FRQWURO)XUWKHUPRUH WKHUHVXOWLQJGHJXPPHGVLONKDVD WHQGHQF\WRDJJUHJDWH
ZKHQ VWRUHG RYHU ORQJSHULRGV DV DQ DTXHRXV VROXWLRQ ZHHNV DW URRP WHPSHUDWXUH DQG PRQWKV DW
q&>@
 1DQRPHGLFLQHV
7KH WHUP ³QDQRPHGLFLQH´ ZDV FRLQHG LQ WKH HDUO\ V DQG LV HVVHQWLDOO\ DQ XPEUHOOD
GHVFULSWRU IRU VSHFLILFDOO\ HQJLQHHUHG PXOWLFRPSRQHQW QDQRVL]HG GUXJV DQG GUXJ GHOLYHU\
V\VWHPV>@1DQRPHGLFLQHVKDYHXQLTXHFKDUDFWHULVWLFVWKDWLPSURYHGUXJSHUIRUPDQFHLQFOXGLQJ
LQFUHDVHGGUXJELRDYDLODELOLW\DQGUHVLGHQFH WLPHLQWKHEORRG1DQRPHGLFLQHVDOVRHQDEOHSD\ORDG
WDUJHWLQJWRDVSHFLILFORFDWLRQLQWKHERG\ZKLOHRYHUFRPLQJGUXJUHVLVWDQFHPHFKDQLVPV>@HDUO\
SURRIRIFRQFHSWGDWDLVDYDLODEOHIRUVLONQDQRSDUWLFOHV>@)XUWKHUPRUHWKHXVHRIDQDQRVL]HG
GUXJGHOLYHU\V\VWHPHQGRZVWKHSD\ORDGRUHYHQSD\ORDGFRPELQDWLRQVZLWKDSUHGHVLJQHGZKROH
ERG\RUJDQFHOOXODUDQGVXEFHOOXODUSKDUPDFRNLQHWLFSURILOH2YHUDOOQDQRPHGLFLQHVDUHHPHUJLQJ
DVDSURPLVLQJDSSURDFKIRUWKHWUHDWPHQWRIDQXPEHURIGLVHDVHVLQFOXGLQJFDQFHU>@7KHXVHRI
SDUWLFXODWHQDQRSDUWLFOHVIRUGUXJGHOLYHU\ZDVILUVWSURSRVHGLQWKHV>@+RZHYHULWWRRN
GHFDGHV IRU WKH ILUVW DQG RQO\ SURWHLQEDVHG QDQRSDUWLFOH $EUD[DQH SDFOLWD[HOERXQG DOEXPLQ WR
UHDFKWKHPDUNHWODUJHO\GXHWRWKHFKDOOHQJHVIDFHGLQVFDOHXSEDWFKWREDWFKUHSURGXFLELOLW\DQG
UHJXODWRU\ FRPSOLDQFH >@ 7KH VXFFHVV RI $EUD[DQH LQ QDYLJDWLQJ WKHVH FKDOOHQJHV LQVSLUHG D
UHYLYDOLQWKHXVHRIQDQRSDUWLFOHVIRUGUXJGHOLYHU\RYHUWKHSDVWGHFDGH>@0RUHLPSRUWDQWO\LW
KDVVSDUNHGUHILQHPHQWVLQH[LVWLQJQDQRSDUWLFOHVDQGWKHLQFHSWLRQRIQRYHOSURGXFWLRQSURFHVVHVDV
ZHOO DV WKH DVVHVVPHQW RI QRYHO SRO\PHUV LQFOXGLQJ VLON 2QH PLJKW VSHFXODWH WKDW UHFRPELQDQWO\
HQJLQHHUHGVLONQDQRSDUWLFOHVDUHHVSHFLDOO\ZHOOSODFHGWRPHHWUHJXODWRU\DSSURYDOEHFDXVHVLPLODU
PDQXIDFWXULQJSURFHVVHVDUHDOUHDG\XVHGIRUWKHUDSHXWLFSURWHLQV
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 ([SORLWLQJ7XPRXU3DWKRSK\VLRORJ\ZLWK1DQRPHGLFLQHV
1DQRSDUWLFOHV DUH SDUWLFXODUO\ ZHOO VXLWHG IRU WXPRXU WDUJHWLQJ EHFDXVH WKH\ FDQ H[SORLW WKH
OHDN\ QHRYDVFXODWXUHV DQG SRRU O\PSKDWLF GUDLQDJH RI VROLG WXPRXUV UHVXOWLQJ LQ SDVVLYH
QDQRSDUWLFOHDFFXPXODWLRQ)LJXUH>@7KLVSKHQRPHQRQWHUPHGWKHHQKDQFHGSHUPHDWLRQDQG
UHWHQWLRQ (35 HIIHFW LV W\SLFDOO\ WKH EDVLV IRU WKH GHVLJQ RI QDQRSDUWLFOHV IRU DQWLFDQFHU GUXJ
GHOLYHU\YLDLQWUDYHQRXVGRVLQJ,QFOXVLRQRIWDUJHWLQJOLJDQGVFDQIXUWKHUHQKDQFHWKHVSHFLILFLW\RI
WKHVHQDQRSDUWLFOHV)RUH[DPSOHPDJQHWLFJXLGHGVLONQDQRSDUWLFOHVVKRZHGDIROGLPSURYHPHQW
LQWXPRXUWDUJHWLQJZKHQFRPSDUHGWRXQJXLGHGSDUWLFOHV0DJQHWLFJXLGLQJUHGXFHGWXPRXUJURZWK
IROGDQGVLJQLILFDQWO\LPSURYHGVXUYLYDORYHUWKHGD\VWXG\SHULRG>@)XUWKHUPRUHWKHXVHRI
GUXJ ORDGHG VLON QDQRSDUWLFOHV VLJQLILFDQWO\ LPSURYHG WKH SKDUPDFRNLQHWLFV RI WKH SD\ORDG ZKHQ
FRPSDUHGWRWKHIUHHGUXJDOWKRXJKPRUHWKDQRIWKHGUXJZDVVWLOOORVWIURPWKHSODVPDZLWKLQ
 KRXUV RI LQWUDYHQRXV GRVLQJ 'HVSLWH PDJQHWLF WDUJHWLQJ WKH YDVW PDMRULW\ RI WKHVH VLON
QDQRSDUWLFOHV DQG WKHLU GUXJ SD\ORDG DFFXPXODWHG LQ WKH OLYHU >@ ,Q DGGLWLRQ WKH H[DFW
GLVWULEXWLRQ RI WKHVH VLON QDQRSDUWLFOHV ZLWKLQ WKH WXPRXU PLFURHQYLURQPHQW LQ WKH WDUJHW FHOO
SRSXODWLRQDQGZLWKLQLQWUDFHOOXODUORFDWLRQVZDVQRWGHWHUPLQHG

)LJXUH  7KH SURSRVHG MRXUQH\ RI D QDQRPHGLFLQH IURP WKH LQMHFWLRQ VLWH WR LWV ILQDO
LQWUDFHOOXODUGHVWLQDWLRQ$$FFXPXODWLRQRIWKHQDQRPHGLFLQHDWWKHWXPRXUVLWHGXHWR
WKH HQKDQFHG SHUPHDWLRQ DQG UHWHQWLRQ (35 HIIHFW % ,QWUDFHOOXODU WUDIILFNLQJ RI D
QDQRPHGLFLQH DQG SD\ORDG UHOHDVH LQ HQGRVRPHV HQGRVRPRWURSLF GUXJ GHOLYHU\ DQG
O\VRVRPHV O\RVRPRWURSLF GUXJ GHOLYHU\ W\SLFDOO\ RQO\ RQH RI WKHVH GHVWLQDWLRQV LV
H[SORLWHGGXULQJQDQRPHGLFLQHGHVLJQ,QWHUQDOLVDWLRQFDQEHYLDIOXLGSKDVHRUUHFHSWRU
PHGLDWHG HQGRF\WRVLV WHUPHG SLQRF\WRVLV KHUH 1RWH WKDW WKH SRO\PHUGUXJ FRQMXJDWH
VKRZQLQWKLVGLDJUDPLVDPHPEHURIWKHQDQRPHGLFLQHIDPLO\DQGFRXOGEHUHSODFHGE\
DQDQRSDUWLFOH5HSURGXFHGZLWKSHUPLVVLRQIURP>@
)RUPDQ\UHDVRQVWKHWUDQVODWLRQRIQDQRSDUWLFOHUHVHDUFKLQWRWKHFOLQLFKDVEHHQGLVDSSRLQWLQJ
VORZ>@6RPHFRPSOLFDWLQJIDFWRUVKDYHLQFOXGHGWKHDVVXPSWLRQRIDXELTXLWRXV(35HIIHFW

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JURVV RYHUVLPSOLILFDWLRQ RI WXPRXU ELRORJ\ HJ E\ GLVUHJDUGLQJ WXPRXU KHWHURJHQHLW\ DQG XVLQJ
LUUHOHYDQWWXPRXUPRGHOVDQGDQH[FHVVLYHFRPPHUFLDOLQWHUHVWE\DFDGHPLFODERUDWRULHVWKDWUHVXOWV
LQFRQIOLFWVRILQWHUHVW6WXGLHVXVLQJWKHQDQRSDUWLFOHVGHVLJQHGRYHUWKHSDVWGHFDGHW\SLFDOO\VKRZ
WKDWRQO\PHGLDQRIWKHDGPLQLVWHUHGQDQRSDUWLFOHGRVHUHDFKHVWKHWXPRXUFOHDUO\LQGLFDWLQJ
WKHOLPLWDWLRQVRIFXUUHQWGHVLJQV>@+RZHYHUQHZVWUDWHJLHVIRUWKHILHOGDUHEHLQJSURSRVHG>@
IRUH[DPSOHEHWWHUVWUDWLILFDWLRQRISDWLHQWVZKRDUH(35SRVLWLYHWKURXJKWKHXVHRISUHWUHDWPHQW
LPDJLQJRIWKH(35H[WHQW>@7KHVHLPSURYHPHQWVVKRXOGHQKDQFHRXUXQGHUVWDQGLQJRIFOLQLFDOO\
UHOHYDQW WXPRXU SDWKRSK\VLRORJ\ DQG HQDEOH EHWWHU QDQRPHGLFLQH GHVLJQV 2YHUDOO QDQRSDUWLFOHV
GHVLJQHGIRUVROLGWXPRXUWDUJHWLQJDQGLQWUDYHQRXVDGPLQLVWUDWLRQPXVWVXFFHVVIXOO\H[LWWKHEORRG
FLUFXODWLRQ DW WKH WXPRXU VLWH DFFXPXODWH LQ WKH WXPRXU PLFURHQYLURQPHQW WDUJHW WKH FRUUHFW FHOO
SRSXODWLRQVDQG WULJJHUSD\ORDGUHOHDVH)LJXUH7KRVHQDQRSDUWLFOHVGHVLJQHG IRU LQWUDFHOOXODU
DFWLYDWLRQPXVWVXFFHVVIXOO\FRPSOHWHWKHLUMRXUQH\WRWKHFRUUHFWLQWUDFHOOXODUGHVWLQDWLRQWRDFKLHYH
WKHGHVLUHGRXWFRPH)LJXUHE
 7KH,PSRUWDQFHRIWKH,QWUDFHOOXODU7UDIILFNLQJRI1DQRPHGLFLQHV
&RPSDUDWLYHO\ OLWWOH LV NQRZQ DERXW WKH LQWUDFHOOXODU IDWH RI QDQRPHGLFLQHV >@ DQG WKH
EURDG VSHFWUXP RI DSSOLFDWLRQV UHVXOWV LQ ZLGHO\ GLIIHULQJ SD\ORDGV DPRQJ YDULRXV
QDQRPHGLFLQHV >@ )RU H[DPSOH DFKLHYLQJ WKH GHVLUHG WKHUDSHXWLF HIIHFW RI GLIIHUHQW
SD\ORDGV HJ WKHUDSHXWLF SURWHLQV JHQHWLF PDWHULDO RU FKHPRWKHUDS\ WKDW DUH GHVLJQHG IRU
LQWUDFHOOXODU DFWLYDWLRQ RIWHQ UHTXLUHV WKDW WKH SD\ORDG QRW RQO\ UHDFK WKH WDUJHW FHOO EXW DOVR EH
GHOLYHUHGWRDVSHFLILFLQWUDFHOOXODUFRPSDUWPHQW>@
$PDMRUUHDVRQIRUWKHFXUUHQWIDLOXUHLQWKHGHYHORSPHQWRIQDQRPHGLFLQHVIRUFOLQLFDOXVHHJ
QDQRSDUWLFOHVSRO\PHUGUXJFRQMXJDWHVDQGYHFWRUVIRUJHQHWLFPDQLSXODWLRQDQGSURWHLQVLVDODFN
RITXDQWLWDWLYHVWXGLHVWKDWKDYHPRQLWRUHGWKHLQWUDFHOOXODUIDWHRIQDQRPHGLFLQHVIROORZLQJGHOLYHU\
7KLVLVDPDMRUREVWDFOHWKDWVWLOOSUHYHQWVWKHYHULILFDWLRQRIQRQFOLQLFDOSURRIVRIFRQFHSWDQGWKLV
YHULILFDWLRQ LV IXUWKHU FRPSOLFDWHG E\ WKH LQDGHTXDWH VDIHW\ SURILOHV DYDLODEOH IRU SDWLHQWV >@
4XDOLWDWLYHDVVHVVPHQWDQGSDUWLFXODUO\WKHTXDQWLWDWLRQRILQWUDFHOOXODUWUDIILFNLQJLVFULWLFDOZKHQ
GHYHORSLQJ FDUULHUV WKDW DUH GHVLJQHG IRU GHOLYHU\ E\ HQGRVRPRWURSLF GHOLYHU\ WR WKH HQGRVRPDO
FRPSDUWPHQWVRI WKHFHOORU O\VRVRPRWURSLF URXWLQJ WR O\VRVRPHV URXWHV >@/\VRVRPDO
WDUJHWLQJ RI D QXPEHU RI OLQHDU ZDWHU VROXEOH SRO\PHUV HJ GH[WUDQ GH[WULQ N
+\GUR[\SURS\OPHWKDFU\ODPLGHHWFLVZHOOGRFXPHQWHG>@+RZHYHUTXDQWLWDWLYHGDWDDUHVFDUFH
IRUWKHQHZHUSRO\PHUVDQGDUHODFNLQJIRUVLONQDQRSDUWLFOHVZKLOHVLPLODUTXDOLWDWLYHGDWDIRUVLON
QDQRSDUWLFOHVDUHUXGLPHQWDU\DQGRIWHQIODZHG
 (QGRF\WRVLVDQG([RF\WRVLV0RYHPHQWRI1DQRPHGLFLQHVLQWRDQGRXWRI7DUJHW&HOOV
1DQRPHGLFLQHVLQFOXGLQJVLONQDQRSDUWLFOHVDUHDFWLYHO\WDNHQXSLQWRFHOOVWKURXJKWKHSURFHVV
RI HQGRF\WRVLV &HOOV KDYH PXOWLSOH HQWU\ SRUWDOV WKH PRVW FRPPRQ XSWDNH PHFKDQLVPV LQYROYH
FODWKULQFRDWHGSLWVFDYHRODDQGPDFURSLQRF\WRVLV>@/LSLGUDIWVFDQDOVRFRQWULEXWHWRFDYHROD
PHGLDWHG DQG QRQFDYHRODPHGLDWHG XSWDNH PHFKDQLVPV 7KHRUHWLFDOO\ QDQRPHGLFLQHV FDQ JDLQ

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FHOOXODUDFFHVVWKURXJKDQ\RI WKHVHURXWHVKRZHYHUUHFHSWRUWDUJHWLQJJHRPHWU\>@RU WKH
IRUPDWLRQRIDJJUHJDWHVRIWHQGLFWDWHWKHDFWXDOXSWDNHURXWHV>@
7KH SUHGRPLQDQW HQWU\ SRLQW LQWR FHOOV DOVR WHQGV WR EH FHOOW\SH VSHFLILF )RU H[DPSOH
DPLQRSHSWLGDVHWDUJHWHG QDQRSDUWLFOHV DUH WUDQVSRUWHG ZLWKLQ VHFRQGV IURP WKH EORRG FLUFXODWLRQ
DFURVV WKH HQGRWKHOLXP DQG LQWR OXQJ WLVVXH YLD D FDYHRODGHSHQGHQW PHFKDQLVP >@ 6SHFLILF
LQWUDFHOOXODU FRPSDUWPHQWV DUH DOVR FULWLFDO WR WKLV SURFHVV IRU H[DPSOH IRODWH UHFHSWRU
LQWHUQDOLVDWLRQ DQG VXEVHTXHQW UHF\FOLQJ LQWR WKH SODVPD PHPEUDQH LV IDFLOLWDWHG E\
HQGRVRPHV KHWHURJHQHRXV RUJDQHOOHV ZLWK D VRUWLQJ DQG UHF\FOLQJ IXQFWLRQ >@ 7KH VWXG\ RI
LQWUDFHOOXODU WUDIILFNLQJ RI QDQRPHGLFLQHV PXVW WKHUHIRUH WDNH LQWR DFFRXQW WKH FRPSOH[LW\ RI
HQGRF\WRVLVDQGFHOO W\SHSHFXOLDULWLHV >@KRZHYHU WKLVKDVVR IDUEHHQ LJQRUHGZKHQVWXG\LQJ
VLONQDQRSDUWLFOHWUDIILFNLQJ
+RZHYHUPDQ\DJHQWVDUHGHVLJQHGIRUVSHFLILF³WDUJHWV´VXFKDVODWHHQGRVRPHVO\VRVRPHVRU
WKH F\WRVRO &RQWLQXRXV UHWURJUDGH WUDIILFNLQJ RI YHVLFOHV ZKLFK HLWKHU IXVH ZLWK WKH SODVPD
PHPEUDQH H[RF\WRVLV RU SLQFK RII H[RVRPHV SURYLGHV D IXUWKHU WUDIILFNLQJ URXWH IRU
QDQRPHGLFLQHV 'HWHUPLQDWLRQ RI FHOOXODU NLQHWLFV WKHUHIRUH UHTXLUHV WKDW ERWK FHOOXODU XSWDNH DQG
UHOHDVH EH PRQLWRUHG IRU WKH FDOFXODWLRQ RI DQ DEVROXWH HQGRF\WLF LQGH[ >@ /LPLWHG HQGRF\WLF
XSWDNH LQDGHTXDWH F\WRVROLF WUDQVIHU RU SHUWXUEDWLRQV RI YHVLFOH IXVLRQPDWXUDWLRQ E\ WKH PHUH
SUHVHQFH RI WKH QDQRPHGLFLQH LQVLGH WKH FHOO DUH SRWHQWLDO SLWIDOOV DVVRFLDWHG ZLWK QDQRPHGLFLQH
GHVLJQ7KHUHLVFXUUHQWO\QRGDWDDYDLODEOHKRZVLONQDQRSDUWLFOHVLPSDFWVWKHHQGRF\WLFPDFKLQHU\
 ,QWUDFHOOXODU7UDIILFNLQJRI6LON1DQRSDUWLFOHV
$QXPEHURISUHOLPLQDU\VWXGLHVDUHQRZWUDFLQJ WKH LQWUDFHOOXODU IDWHRIVLONQDQRSDUWLFOHV in 
vitro XVLQJ IORZ F\WRPHWU\ DQG IOXRUHVFHQFH PLFURVFRS\ )RU H[DPSOH D VPDOO OLEUDU\ RI
H$')&VLONQDQRSDUWLFOHVIXQFWLRQDOLVHGZLWK7DW5*'RUO\VLQHKDVEHHQGHYHORSHGIRUWKLV
SXUSRVH >@ $V H[SHFWHG WKH FDWLRQLF O\VLQH VLON QDQRSDUWLFOHV  QP GLDPHWHU VKRZHG WKH
ODUJHVWFHOODVVRFLDWHGIOXRUHVFHQFH,QDGGLWLRQWKHXVHRISXWDWLYHFKHPLFDOLQKLELWRUVVXJJHVWHGD
FODWKULQPHGLDWHG XSWDNH PHFKDQLVP LQWR +H/D FHOOV +RZHYHU WKH DEVHQFH RI ELRFKHPLFDO
YDOLGDWLRQGHPRQVWUDWLQJWKHVSHFLILFLW\RIWKHVHFKHPLFDOLQKLELWRUVWKHODFNRIOLYHFHOOVLQJOHSODQH
FRQIRFDOPLFURVFRS\H[DPLQDWLRQVDQGWKHOLPLWHGGDWDVKRZLQJH[WUDFHOOXODUELQGLQJDQGHVWLPDWLQJ
RYHUDOO HQGRF\WLF LQGH[ SUHFOXGH GUDZLQJ DQ\ UREXVW FRQFOXVLRQV UHJDUGLQJ WKH WUDIILFNLQJ RI VLON
QDQRSDUWLFOHV DW WKLV WLPH 6LPLODU FRQVLGHUDWLRQV DSSO\ WR VWXGLHV H[DPLQLQJ YDULRXV SD\ORDG
PRGLILHG VSLGHU VLON QDQRSDUWLFOHV >@ 1RQHWKHOHVV WKH XSWDNH URXWH RI VLON QDQRSDUWLFOHV LQWR
0&) KXPDQ EUHDVW FDQFHU FHOOV DOVR DSSHDUHG WR EH FODWKULQ PHGLDWHG >@ +RZHYHU
FKORUSURPD]LQHDZLGHO\XVHGFKHPLFDO LQKLELWRUKDVPDQ\RIIWDUJHWHIIHFWV >@7KHUHIRUH WKH
VSHFLILFLW\ RI FKORUSRUP]LQH QHHGV WR EH YHULILHG ILUVW EHIRUH GUDZLQJ FRQFOXVLRQV LQ UHODWLRQ WR
XSWDNHSDWKZD\VRIVLONQDQRSDUWLFOHV5LJRURXVYHULILFDWLRQLQFOXGHVIRUH[DPSOHWKHDVVHVVPHQW
RIFKORUSURPD]LQHRQWUDQVIHUULQXSWDNH7UDQVIHUULQLVLQWHUQDOLVHGYLDFODWKULQPHGLDWHGHQGRF\WRVLV
DQGLVWKXVDQH[TXLVLWHELRFKHPLFDOSUREHIRUVWXG\LQJFODWKULQPHGLDWHGHQGRF\WRVLV>@2YHUDOO
IXUWKHUSURRILVQHHGHGWRYHULI\WKHXSWDNHPHFKDQLVPRIVLONQDQRSDUWLFOHVLQWR0&)FHOOV/LYH
FHOO FRQIRFDO PLFURVFRS\ VWXGLHV KDYH GHPRQVWUDWHG O\VRVRPDO DFFXPXODWLRQ RI ERWK QDWLYH DQG

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3(*\ODWHG VLONQDQRSDUWLFOHV DSSUR[LPDWHO\QP LQ VL]H >@+HUHGR[RUXELFLQORDGHG VLON
QDQRSDUWLFOHVSURYLGHGWKHILUVWHYLGHQFHRIO\VRVRPRWURSLFGUXJGHOLYHU\>@
,QVXPPDU\WKHDYDLODEOHHYLGHQFHFOHDUO\VXSSRUWVWKHHQGRF\WLFXSWDNHRIVLONQDQRSDUWLFOHV
+RZHYHU PRUH DGYDQFHG HQGRF\WRVLV DQG WUDIILFNLQJ VWXGLHV DUH UHTXLUHG WR JHQHUDWH D
FRPSUHKHQVLYHLQWUDFHOOXODUWUDIILFNLQJPDSIRUVLONQDQRSDUWLFOHV
 &RQFOXVLRQV
6LONQDQRSDUWLFOHVDUHHPHUJLQJDVLQWHUHVWLQJFRQWHQGHUVIRUGUXJGHOLYHU\DQGDUHZHOOSODFHG
WRDGYDQFHWKHQDQRPHGLFLQHILHOG+RZHYHU LQ WKHSDVWQXPHURXVPDWHULDOVQDQRSDUWLFOHGHVLJQV
DQG WUHDWPHQW VWUDWHJLHV KDYH EHHQ KHUDOGHG DV ³EUHDNWKURXJK´ DQG ³SDUDGLJPVKLIWLQJ´
DGYDQFHPHQWV LQ WKH QDQRPHGLFLQH ILHOG >@ EXW WKH VORZ FOLQLFDO WUDQVODWLRQ RI QDQRSDUWLFOH
UHVHDUFK LV D FOHDU LQGLFDWRU WKDW WKH HQWKXVLDVP KRSHV DQG DVSLUDWLRQV DUH QRW PDWFKLQJ XS ZLWK
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@$WSUHVHQW WKHIRXQGDWLRQVRIVROLG WXPRXU WDUJHWLQJEDVHGRQQDQRSDUWLFOHVDSSHDU WR
UHTXLUH IXUWKHU VXEVWDQWLDWLRQ 7KXV IRU VLON WR VXFFHHG LQ WKLV ILHOG ZH QHHG WR OHDUQ IURP SDVW
IDLOXUHVZKLOHLQWURGXFLQJLQYHQWLYHDQGRUWKRJRQDODSSURDFKHVWRQDQRSDUWLFOHUHVHDUFK
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